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CONVERSION FACTORS, NON-SI TO SI (METRIC) 
UNITS OF MEASUREMENT 


Non-SI units of measurement used in this report can be converted to SI 
(metric) units as follows: 


Multiply By To Obtain 


cubic feet per 0.02831685 cubic metres per second 
second 


feet 0.3048 metres 
miles (US statute) 1.609347 kilometres 
square feet 0.09290304 square metres 
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LOCKPORT POWER PLANT SLUICE GATE AND CONTROL WORKS 
DISCHARGE EVALUATION 


PART I: INTRODUCTION 


Background 


1. The US Army Engineer District, Chicago (NCC), requested assistance 
from the US Army Engineer Waterways Experiment Station (WES) in evaluating the 
discharge rating curves being used for determining flow rates through the 
Lockport control works and power plant sluice gates. The revised curves would 
be used by the Metropolitan Sanitary District (MSD) of Chicago, Illinois, in 


future flow computations. 


Purpose and Scope 


2. On 3 August 1982, WES submitted a proposal* to analyze and revise 
(if necessary) the existing rating curves for the control works and power 
plant sluice gates. This work included: 


a. A review of the old power plant sluice gate model study (Muga 
1961), previous computations, drawings, and results. 


b. Recomputation of the rating curves considering structure 
features, hydraulic characteristics, and in the case of the 
power plant sluice gates, those features not considered in the 
model study, such as the trashracks. 


c. Determinations of operational recommendations such as the 
sequence of gate openings. 


d. Determination of any needed monitoring revisions such as 
possible relocation of water-level gages. 


3. This report is a compilation of three letter reports previously 
submitted by WES to NCC explaining the results of each stage of the study. 
The letter reports are combined herein to reduce c plication and to optimize 
data interpretation. 


* US Army Engineer Waterways Experiment Station, Memorandum for Record, 
SUBJECT: Lockport Sluice Gate and Control Works Discharge Evaluation, dated 
3 Aug 1982; Letter of Transmittal from WESHP to US Army Engineer District, 
Chicago, Chicago, Ill., dated 6 Aug 1982. 


PART II: LOCKPORT POWER PLANT SLUICES 


Project Geometry 


A 4, 
a discharge flow through the facility. Three 9-ft*-wide by 14-ft-high screw- 

. stemmed sluice gates were installed in each of bays 3, 4, and 7 of the power 

ih plant (Plate 1). The turbines were removed and the chambers structurally 
BY modified to close the number 4 draft tube in each bay. A typical bay cross 


A total of nine sluice gates are utilized in the power plant to 


section is shown in Plate 2. 

5. The model study considered upper pool (UP) elevations (el) -10 to 0 
et City of Chicago Datum (CCD) and a tailwater (TW) range from -39 to -33 CCD. 
NCC requested that the revised discharge ratings include UP el -12 to +1 CCD 
and TW el ~39 to -33 CCD. 


Data Evaluation 


6. The following procedure for evaluating the model data was developed 
by Dr. F. M. Neilson of WES. Three flow-control conditions occur over the 


oS range of measured discharges. The three conditions and corresponding dis- § 


charge equations are: 


Condition Equation 


ae, - E Lrerey 


y Sluice gate control: Q=CA /2gH, (1) 

a (no tailwater effect) 

ey Draft tube control: Q = C'A /2gaH (2) 
5 (tailwater effect) 

a4 : 3/2 

- Critical flow: Q = 3.09 wi (3) 
| (no tailwater effect) 


discharge, cfs 
discharge coefficient, sluice gate 


* A table of factors for converting non-SI units of measurements to SI 
(metric) units is presented on page 3. 
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A = gate area, ft? 
g = 32.2, ft/sec? 
H, = total upstream head on the gate sill, ft 


z, 
ak ee 


Py 


= C' = discharge coefficient, overall structure 

r.: AH = total head loss, ft 

os w= gate width, ft 

ne Gate Operation 

nr, 

my 7. The bays are operated with one, two, or three gates fully open. The 


study does not consider partially open gates. To simplify the gate opening 
designation the number 1 is used to represent a fully open gate and 5 a closed 


‘ gate. 

- a. Single gate operation (-12 < CCD < + 1). The rating for single 
: gate operation is independent of tailwater (Muga 1961); there- 
aS fore Equation 1 applies. Using the values of measured model 

oe piezometric head (y,) and discharge (Q), the coefficient C was 


oes determined. The entrance velocity head (v5 /2g) was then com- 
ae puted and added to the measured piezometric head to give Hy 

: This value was added to the sill elevation (-28.42 CCD) to give 
the UP elevation at a location upstream of the gate drawdown 


no zone. This procedure was repeated to derive a series of C 

Ae versus UP values from which the equation C = f(UP) was devel- 
ne oped. The discharge was then computed in 0.05-ft increments of 
a UP elevation using Equation 1 and H, . The discharge for gate 


configuration 515 is listed in Table 1; Table 2 presents the same 
information for configurations 551 and 155. A curve for each 

5! of these configurations is presented in Plate 3. Some values 
from the MSD computations are plotted in Plate 3 for comparison. 


Two-gate operation (-12 < CCD < + 1). The rating for two-gate 


7 
Iv 
° 


operation is also independent of tailwater (Muga 1961). The same 
= procedure was used to provide the tabular listing for gate con- 
figuration 151 in Table 3 and configurations 511 and 115 in 

Table 4. Plate 4 presents the rating curves for these configura- 
tions with MSD values plotted for comparison. 


10 


Three-gate operation (-10 < CCD < + 1). Between UP el -10 to 


wie +1 CCD the rating is influenced by the tailwater (Muga 1961); for 
er these elevations, Equation 2 applies. As above, the prototype 

C' values were determined from the model data. Because of the 
tailwater effect the coefficients vary significantly for differ- 
a ent headwater-tailwater conditions, resulting in an array of 
values. The array is shown in graphical form in Plate 5 and is 
divided into zones of average values of C' . With the UP and TW 
‘$9 elevations, the C' value is determined from the graph. Taking 


this value and AH to the appropriate table (Tables 5 to 9), 
the discharge can be read. The discharge can also be obtained 
using AH with the appropriate rating curve from Plates 6-8. 
An example of this procedure is presented for demonstration: 


ete ae 


™ 


Given: UP el = -4.20 CCD 
TW el = -35.25 CCD 
From Plate 5: C' = 0.452 
Compute: MH = -4.20 - (-35.25) = 31.05 ft 
From Table 9: (C' = 0.452 and DEL H = 31.05) 
Read: Q = 7,633 cfs 


1Q. 


Three-gate operation (-12 < CCD < -10). When Hy,/b < 1.2 


4 approximately, the water surface at the entrance clears the gate 
and the flow there is critical (Henderson 1966). The Lockport = 
te gate height (b) is 14 ft and the sill is at el -28.42. Theo- a 
fe retically, then, critical flow would occur at UP el -11.6 CCD 
and lower. For this condition, Equation 3 would apply. Asa a 
check for Lockport conditions, the discharge was computed using 
both Equations 2 and 3. When plotted (Q versus CCD), it was 
determined that the curves intersected at el -10 CCD). Equa- 
4 tion 3 was then used to compute three-gate operation at UP ele- 
i vations below -10, i.e., -12 < CCD < -10 . Table 10 presents 
the listing for this condition and Plate 9 the rating curve. 
Some values from the MSD computations are plotted in Plate 9 for 
comparison. 


% Trashrack Losses 


8. These losses were computed using information from Zowski (1960) and 
USACE (1952). The trashrack loss (H,,,) is defined as a coefficient (k) times 
the entrance velocity head, i.e., 2 


ro a oo % a 
ee Se 


ve 7 


x The value of k for a clean trashrack of the Lockport geometry was computed 
to be 0.07. The head loss value was subtracted from H, in Equations 1 and 3 
and AH in Equation 2 before computing the discharge. 


if Estimated Errors 


9. The errors to be considered are those incurred in the model 


_: at 


Tp ete t 


Les Mbt 2! 


measurements of Q and y, , the model-to-prototype (MP) conversion error 
(which includes consideration of the limited model forebay width) and the 
measurement of Hy in the prototype. The quoted error (Muga 1961) in dis- 
charge measurement was +2 percent. Elevation was measured to the nearest 
0.001 ft (Muga 1961). At a head on the sill of 22.42 ft prototype 

(el -6.0 CCD), the error of measurement would be 0.09 percent. The error in 


computing C then is approximately equal to the error of Q measurement, 
i.e., 


C(%) = +Q(%) = +2% (5) 


The prototype water surface can be determined within +0.05 ft (+0.22 percent 
of H, at el -6.0 CCD). The MP conversion error is estimated to be +5 


percent or less. The total estimated discharge error is: 


Q(t) = MP(L) + CCB) + 2 H(B) = 25% 228 40.18 © 7.14 o) 


Though not model-tested, errors for UP el -1!2 < CCD < 10 are estimated to be 
of the same magnitude. 

10. As discussed by the Review Committee (Espey, Barnes, and Vegander 
(1981), the model forebay was limited to the width at the entrance and was 
therefore not representative of the approach flow to the trashracks. However, 
the round-nose piers which separate each bay and extend 15 to 20 ft upstream 
form a partial forebay width constriction. An analytical approach to correct 
for this difference was not attempted. It is assumed that this discrepancy is 
included in the estimated MP conversion error. The Committee also recommended 
using partial gate openings. MSD felt that this would cause undesired gate 


wear due to vibrations which have been observed during partial gate opening 
operation. 


PART III: LOCKPORT CONTROL WORKS 


i Project Geometry 
: 
w 11. The dimensions of the project were taken from drawings provided by 


ts, NCC. These dimensions were then confirmed in discussions with district per- 
sonnel. Plate 10 shows that the gate section sill (weir) has a vertical up- 


ve stream face and is 1 ft high by 9.5 ft long with a 1:1 sloping downstream 

4 face. The discharge rating curves and tables were derived using these dimen- 
oe 

ae sions. It is therefore recommended that the user ensure that the sill area 


remains clear of deposition through periodic inspections (soundings) and 


K-) maintenance. 

oy Contraction 

s, 

0 12. The effective width of a gate section is determined by considering 
SS the contraction caused by abutments and piers. An equation for computing the 
2) effective width B, is given in the Hydraulic Design Criteria (HDC) (USACE 

1952): 

aS 

e (N+ 1)B, = (N+ 1)B" - 2(Nk, + kQ)H, (7) 
Ss where 

a N = number of piers (5) 

ae B' = net bay width (see Plate 10) 

“s kp = pier contraction coefficient 

a k, = abutment contraction coefficient 

os H, = energy head on the sill (sill elevation = -15 CCD) 

o NCC specified a drawdown range from el -1 CCD to el -10 CCD with an average 
“3 elevation of -6 CCD (H = 9.0 ft). Using this average head the effective gate 
ww: bay width was computed to be 31.67 ft. With all gates open and using ‘he com- 
pa puted effective width the error introduced at the two extreme elevations is a 
SS discharge overestimate of 0.6 percent at el -1 CCD and an underestimate of 

+ 1.5 percent at el -10 CCD. The effective width is applied the same for both 

the submerged and unsubmerged flow conditions. 
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tay Mooring Piers 

be 
r 13. The 30-ft-diam mooring piers are located upstream of the control 
is works as shown in Plate 11. Because of their distance from the control works, 
an it is assumed that piers 1 and 2 are outside the water-surface drawdown zone. 
Re: However, because of its proximity to the control works, pier 3 will likely 

have some effect on flow through bays 6 and 7. 

AY 14. To estimate this effect, the area of approach was taken as the 

RE average depth at the piers times the length of a line passing from one control 
QS works abutment, through the piers, to the other abutment. The velocity of 

a approach was estimated by dividing the total discharge for a particular pool 
eo elevation by this area. The head loss at pier 3 was then estimated by multi- 
a plying the computed velocity head times a loss coefficient for a cylinder per- 
mn pendicular to the flow at the appropriate Reynolds number. That is: 

< V 2] 

se H, = k x (8) 
ces 

a where, from Rouse (1950), k = 0.35 . It was found that the computed dis- 

7 charge through bays 6 and 7 changed by less than 2 percent for pool el -10 CCD 
oe through -1 CCD. 

be 15. An equation for pier 3 head loss as a function of the water-surface 
mn elevation was developed and included in the discharge computations for bays 6 
"y and 7. This equation was applied the same for both the unsubmerged and the 

me submerged flow conditions. 

sa Gage Locations 

s 

16. Strategically located upstream and downstream water-surface gages 
no are essential to maximize the accuracy of the rating curves. The present gage 
x locations (Plate 11) introduce an excessive error in the determination of 

we total head entering the control works and the downstream pool elevation. 

1. 17. It is recommended that an upstream water-surface gage be installed 
a in a location well outside the drawdown zone of any combination of open gates. 
Ne Specifically, it is suggested that a gage be located approximately 265 ft 


north of the existing gage. As shown in Plate 11, this would be at the north 
end of nonoperative bay 15 and near the southern boundary of a loading 
facility. 


ee Te eee ee ee cee ar en 
s or geC aes. wane Sets ot Gre 
Re ee ore oh 


~ ’ 
= 


- 
al 


” 18. At the present upstream gage location, the measured depth on the 
- sill (y,) and the velocity head (v2/2g) will vary depending on which gates are 
4 open. At a pool elevation of -5 CCD (y, = 10 ft), a discharge error up to 


20 percent could be introduced, again depending on which gates are open. If, 
however, the gage is outside the drawdown zone, there will be no significant 
velocity head and y, will equal H,. In the latter situation, one rating 
curve will suffice for all gate opening combinations. 


@ 19. NCC proposed an alternative to positioning a new upstream gage at 
p the recommended location. This would consist of reading the elevation at a 
. station 2.9 miles upstream and with backwater computations, determine the 


water-surface elevation at the control works. If the flow is steady and if 
the Manning equation can be applied to segments of constant slope, cross 
<, section, and roughness along the canal, the elevation could be accurately 
b".” computed with an estimated error of approximately +0.1 ft. If, however, as is 
more likely, the flow is unsteady and/or the channel cannot be segmented as 
described, the computed elevation could be in error by as much as +#1.0 ft. 

20. The present location of the downstream gage is unacceptable. It is 
located just behind a gate pier and does not accurately reflect the tailwater 
elevation. Accurate tailwater elevation measurements are critical in the com- 


ie putation of the submerged weir flow rating curves. To ensure a correct down- 
SS stream water-surface elevation a gage should be installed at a location at 

‘ow least four gate bay widths downstream. A recommended location is shown in 

} Plate 11. 

5 21. The computations for control works flow, both unsubmerged and sub- 
ay merged, assume that the gages will be relocated as recommended in the preced- 
eo ing paragraphs. 

+} Unsubmerged Flow Condition 

§ 

oS Computations 

hae 

st 22. A relationship between head and discharge has been developed for 

ae 

a flow over a weir (Henderson 1966; Hulsing 1968; Rouse 1950, 1962; Tracy 1957). 
a The discharge per bay (Q,) is a function of the effective bay width, a coeffi- 
ay 

or cient C , and the energy head on the crest; that is: 

cs Penal? (9) 
is Q, = CBAH; 

t) 

ee 11 

ths 

mt 

on 
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23. 
tion of the sill (Hulsing 1968; Thomas 1966; Tracy 1957). Plate 12 presents a 
graph of C versus y,/L (L being the weir length) which was taken from 


The coefficient C varies with the head and geometric configura- 


Hulsing (1968). With this information, the discharge Q and energy head H, 


were determined. A relationship of C versus H,/L for use at Lockport was 


then determined and is plotted in Plate 12. The equation of this curve was de- 


termined for use in the program written to compute Q, in increments of H, 


24. Tracy (1957) defines a weir length as short when the ratio 
‘5 H,/L > 0.4 . For the Lockport control works the weir is short when H, ex- 


NS ceeds 3.8 ft (el -11.2 CCD). As this ratio increases the influence of the 


weir length diminishes, resulting in a substantial increase in discharge. 


This is reflected in the graph of Plate ie. 


x 25. Table 11 is a printout of the computed data in energy head incre- 


ments of 0.05 ft. From left to right the columns are: upstream elevation at 


the gage (CCD); energy head on the crest, the coefficient C , and the dis- 


charge per bay. Column 4 lists the discharges for bays 1-5. Column 5 lists 


the discharges for bays 6-7 and includes the effects of the mooring pier head 


loss. The head versus discharge per bay data are also shown as a curve iu 
Plate 13. The graph does not consider mooring pier losses so it is only ap- 


plicable to gates 1-5. 


Estimated error 


26. The error involved in determining the control works discharge is 


a function of the terms of Equation 9. Using the mean energy head of 9.0 ft 


e the error involved in computing the effective bay width is estimated to be 


Bs +2.5 percent. From the references, the error in determining the coefficient 


C is approximately +3.0 percent. If a gage is installed as proposed in para- 


graph 17, the water surface can be determined within £0.05 ft (40.5 percent at 


-6 CCD). To estimate the total error the terms of Equation 9 are added as 


4 follows: 


Estimated error = (C%) + (B,%) + i (H, 4) (10) 


(#3.0%) + (2.5%) + 3 (40.5%) = 6.2% 


Errors due to the varying head and number of gate bays used (Equation 7) are 


computed and added to Equation 10. These increases and resulting discharge 


errors are listed below. 


‘ 
; Estimated Error of Discharge Computation 
» 
y 


‘ WS Head Effec- Maximum Max imum 
‘ Eleva- on Number tive Width Discharge Computed Discharge 
5 tion Sill Gates Width Error*® Error**# Discharget Errortt 
K ccD ft Open ft percent percent cfs cfs 

, (a) (b) (c) (d) (e) (f) (g) (h) 

: -10.00 5.00: 1 31.47 0.6 6.8 953 65 

2 31.87 0.6 6.8 1,906 130 

= 3 32.00 1.0 7.2 2,860 206 
4 4 32.07 1.3 7.5 3,813 286 
id 5 32.11 1.4 7.6 4,766 362 
“ 6 32.14 1.5 Tal 5,719 440 

7 32.16 1.5 7.7 6,673 514 

-6.00 9.00 1 29.97 5.4 11.6 2,478 287 

s 2 30.96 2.2 8.4 4,955 416 

: 3 31.29 1.2 7.4 7,433 550 

‘ ut 31.46 0.7 6.9 9,910 684 

| 5 31.55 0.4 6.6 12, 388 818 
i 6 31.62 0.2 6.4 14,866 951 

: 7 31.67 0.0 6.2 17,343 1,075 

-1.00 14.00 1 27.63 12.8 19.0 5,280 1,003 
2 29 .87 5.7 11.9 10,560 1,257 
3 30.62 3.3 9.5 15,840 1,505 
uf 30.99 2.1 8.3 21,121 1,753 

i 5 31.21 1.4 7.6 26,401 2,006 

\ 6 31.36 1.0 7.2 31,681 2,281 
a 7 31.47 0.6 6.8 36,961 2,514 
‘ 

» 31.67 = (4) | 199 

bi 31.67 
ee ¥# (ae) + 6.2%. 

’ t Equation 9. 
tt (g) « (f). 

m 27. For comparative purposes the MSD computed discharges at el -1, -6, 
2 and -10 CCD are shown relative to the WES computed curve in Plate 13. The 
A 4 
3 percentage differences are also shown, using the MSD data as base. Between 

el -7 and -1 CCD the computations differ by less than 10 percent. It appears 
2 that a constant coefficient was used in the MSD computations whereas in the 
i, WES computations, as discussed in paragraph 23, the coefficient varied with 
3 the head on the sill. 
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Submerged Flow Condition 


Approach 
y 28. Experiments for determining discharge coefficients for submerged 


broad-crested weirs have been performed by a number of different experimenters 
in recent years. Most of these studies were quite specific in their scope and 
were not found to be applicable to the subject study. A paper presented by 

* Thomas (1966) attempts to determine a general discharge relationship ror sub- 

merged weirs by correcting the free-flow discharge coefficients for submerged- 


. 
K) flow conditions. However, these results are again limited to specific weir 


geometries. 
29. The HDC (USACE 1952) presents Chart 111-4 (Plate 14) for determin- 
ing submerged crest coefficients for overflow dams. This chart is based on 


extensive experimentation and is applicable to many crest shapes. As with 
Thomas (1966), the coefficients in HDC Chart 111~4 are based on a relationship 
that corrects the free-flow discharge coefficients for submerged conditions. 
Because of its general nature, the authors felt it would be better suited for 
y this study. Further, a comparison of HDC Chart 111-4 with the specific weir 


geometries presented in Thomas’ paper showed a very close agreement of results 
. at all heads, thus adding credence to the chart. : 
: 30. Because of downstream flow control under submerged conditions, the ; 
Y discharge must be determined for varying tailwater levels at specific upstream x 


heads. This requires a separate rating curve for each desired head. There- 


% fore a computer program was written to compute the discharge rating curves by : 
*, first using HDC Chart 111-4 to calculate the decrease in the coefficient of 
” discharge for free flow caused by submerged flow. The modified coefficient 


was then applied to the known relationship between head and discharge for com- 


puting flow over the weir. 
31. The coefficient C in Equation 9 for unsubmerged weir flows varies 4 


© with the head and geometric configuration of the sill (Hulsing 1968, Rouse 

~ 1962, Tracy 1957). Plate 12 presents the graph of C versus H,/L (L = weir 
length) used to compute the free flow coefficient for each value of Hy 

Pe 32. In the case of submergence, the same equation is used except that 


4 the coefficient C is no longer constant for a given head, rather it varies 
with changing tailwater levels. Therefore the equation used for discharge 


under submerged conditions is 


ee ee ee ee oe ee ere 


Sn 0 2 ae ee ee Oe es 
ie ng ra ; , eth ane: 


«0 
oe @ 


nF 
_ 
res 

we 

hae 

oe S 3/2 

“Se Q, = C.BAHy (11) 
aan where C, is the coefficient of discharge for submerged flow computed as a 
ae percent reduction applied to C. 
Lm ~ 
nao Incipient submergence 


33. The rating curves assume a submerged downstream condition. The 
cay: point of incipient submergence, i.e. the point at which submergence begins, 
re has been found to lie between a ratio of downstream depth on the sill (y,4) to 
the upstream depth (y,) of 0.75 to 0.85 (Henderson 1966, Hulsing 1968, Thomas 
1966, Tracy 1957). For these computations, the point of incipient submergence 


oe was assumed to lie at a ratio of downstream depth (y,4) to total head on the 
aoe erest (H,) of 0.80 (H, = y,; at the recommended gage location). 
and Output 


34. Table 12 is a printout of the computed data. Tables were computed 
for total heads of 2 to 17 ft with TW levels ranging from H,/H, = 0.20 to 
Hy/H, = 0.0 at increments of 0.005 ft/ft. (Note: H,/H, = 1 - Yg/H, where 
Hy = Hy - yg -) From left to right the columns are: ratio of the UP eleva- 
tion minus TW elevation to the upstream head (Hy/H,), reduction in the free- 
flow discharge coefficient due to submergence, the submerged flow discharge 
coefficient, and the discharge per bay. Rating curves for each head showing 


4, 


4, tet te fe 


discharge per bay (bays 1-5 only) versus a varying tailwater elevation ex- 
pressed as H,/H, are given in Plates 15 to 17. 
Example calculation 
Bi 35. The following example is given to outline the use of the rating 
tables and curves. 
Given: Weir crest elvation, CCD(W) = -15.00 
Upstream pool elevation, CCD(U) = -13.00 
Tailwater elevation, CCD(T) = -13.20 
-13.00 - (-15.00) = 2.00 
Yg = T - W = -13.20 - (-15.00) = 1.80 
Hy = Hy - yg = 2.00 - 1.80 = 0.20 
Hg/H, = 0.20/2.00 = 0.10 


Compute: H, = U-W 


(Continued) 
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From Table 12: For Hy, = 2.00 ; C = 2.63 
At H4/H, = 0.10 
Free-flow coefficient reduction, % = 22.09 
Submerged coefficient (C,) = 2.05 
Discharge per bay; bays 1-5 = 183.74 cfs 
bays 6,7 = 183.74 cfs 
Estimated error 
36. The error involved in determining the control works discharge under 
submerged conditions is a function of the terms of Equation 9 and the term 
Cs 
(all gates open) for coefficient (C), effective bay width, and water surface 


of Equation 11. From paragraphs 12 and 26, the estimated maximum errors 


(H,) are given as +3.0, +4.0, and +0.5 percent, respectively. The error in 
C, is the accuracy to which HDC Chart 111-4 can be read. By interpolating 
with a scale, values of percent reduction in coefficient were read to the 
nearest 0.2 percent for a maximum error estimate of +2.0 percent. Therefore, 
to estimate the maximum total error for the all gates open condition, the 


terms of Equations 9 and 11 are added as follows: 


Maximum estimated error = (C%) + (C54) + (B,%) + 3 (H,%) 


= (3.0%) + (42.0%) + (#4.0%) + 3 (+0.54) (12) 
s 10% 


37. Coefficient reduction factors near the assumed incipient submer- 
gence (Hy/H, = 0.20) are questionable since they do not reach zero on HDC 
Chart 111-4 as assumed in paragraph 34. The value of Q, at Hy/H, = 0.20 
was computed to agree exactly with the computed free-flow discharge for each 
head. In order that this criterion be met, coefficient reduction values be- 
tween Hy/H, values of 0.18 to 0.20 were forced to deviate from those given 
in HDC Chart 111-4 in order to match the unsubmerged discharges at the point 
of incipient submergence (Plates 15-17). The values of the coefficient reduc- 
tion given in HDC Chart 111-4 for H4/H, > 0.20 (assumed to be zero percent 
for this study) are actually less than 10 percent and decrease as Hg/H, 


increases. 
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PART IV: RECOMMENDATIONS 


The recommendations of this report are summarized below: 


a. 


ikon 


Power plant 
(1). Open gates fully, when in use, for all heads. 


(2) Make a calibration check of the upper and lower pool water- 
level gages when possible. 


(3) Where possible make field verifications of the discharge 
equations. 


Control works 


(1) Relocate the upstream gage outside the drawdown zone as 
recommended in paragraph 17. 


(2) Relocate the tailwater gage as recommended in paragraph 20. d 
(3) If possible, open all gates fully for all head conditions. 


(4) If less than seven gates must be opened, start with number 1 
and proceed northward, in order. 


(5) At higher heads, open a minimum of three adjacent gates. 


(6) Keep the sill clean to ensure accuracy of flow rate 
prediction. 


(7) Where possible, field verification and updating (based on 
new information) are recommended. 
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